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acemaker Pro-Arrhythmia
eyond Spike-on-T and
ndless Loop Tachycardia*
ohn D. Fisher, MD, FACC
ronx, New York
here is a longstanding love–hate relationship between
acing and tachycardias. In patients with profound brady-
ardia, pacing at physiologic rates is effective at preventing
radycardia-mediated ventricular tachycardia (VT) or ven-
ricular fibrillation (VF). “Anti-tachycardia pacing” (1) has
rogressed from simple elimination of bradycardia to sup-
ression by pacing at slightly faster rates (now somewhat
ontroversial) to “preventive” algorithms and a host of
timulation sequences designed to terminate tachycardias,
ith most of the latter now a standard feature of modern
mplantable cardioverter-defibrillators (ICDs).
See page 614
The pro-arrhythmic side of pacing was also recognized
arly. The pacing equivalent of the “R on T” is the “spike on
” that can precipitate VT/VF. (2) Perhaps the most
ommon form of pacemaker pro-arrhythmia is the type of
acemaker-mediated tachycardia (PMT) known as endless
oop tachycardia (ELT) (3). Endless loop tachycardia occurs
hen a premature atrial beat, either spontaneous or con-
ucted retrograde by a ventricular premature depolarization
VPD), is sensed and generates a ventricular stimulus that
roduces a retrograde atrial beat. The sequence repeats
tself, establishing the ELT.
Many patients with pacemakers (or ICDs) have tachy-
ardias where the relationship to the pacemaker stimulus is
ess clear. In this issue of the Journal, Sweeney et al. (4)
Editorials published in the Journal of American College of Cardiology reflect the views
f the authors and do not necessarily represent the views of JACC or the American
ollege of Cardiology.
From the Department of Medicine, Cardiology Division, Arrhythmia Service,
ontefiore Medical Center and the Albert Einstein College of Medicine, Bronx,
ew York. Dr. Fisher is a consultant for Medtronic, and this editorial deals with
nalyses of Medtronic-sponsored protocols. However, the subject matter deals with
pontaneous induction of ventricular tachycardia and ventricular fibrillation as
ecorded by implantable cardioverter-defibrillators (ICDs), and the data are general
nough to apply to almost any pacemaker or ICD. The exception is the “MVP” mode
sed in some of the events/devices in the article by Sweeney et al. (4) in this issue of
he Journal, which is unique to Medtronic. This is not stressed in Dr. Fisher’sf
ditorial, which emphasizes general findings and implications. Dr. Fisher believes that
he editorial is “conflict-free.”nalyze the onset of tachycardia events in patients from 2
CD trials (5,6) in an effort to categorize the various
elationships between the pacer stimuli and subsequent
achycardias. The many subcategories and variations in-
luded in their exhaustive analysis make for difficult reading.
his editorial seeks to clarify by adding a kind of annotation
r “Cliff Notes” guide.
lassification
on-pacing associated. This is very straight forward: no
acing within 5 cycles of the onset of VT/VF (Fig. 1). In the
rticle by Sweeney et al. (4), this was the most common
ode of VT/VF onset and was relatively evenly distributed
mong the various pacing modes.
acing associated. Pacing was present within 5 cycles
efore VT/VF initiation, with no short-long-short (S-L-S)
equence (Fig. 2A). This accounted for the next largest
umber of VT/VF episodes but is not equally distributed. It
as rare with the Managed Ventricular Pacing (MVP)
acing algorithm, uncommon with VVI, and most common
ith DDD.
acing permitted. In this classification, VT/VF is initiated
y an S-L-S sequence not caused by pacing stimuli but
assively allowed by the device mode and lower rate
Fig. 2B). In the examples in the article by Sweeney et al. (4)
their Figures 1 and 3), there is no pacing. The distinction
etween “pacing permitted” and “non-pacing associated”
eems to boil down to whether there is an S-L-S sequence.
his mode of onset was fairly equally distributed but least
ommon with DDD pacing.
acing facilitated. Single ventricular pacing stimuli ini-
iate or terminate pauses prematurely, producing an
-L-S sequence followed by VT/VF (Fig. 3). This
equence was most common with DDD, less so with
VI, and least with MVP.
omments
weeney et al. (4) have worked mightily to parse and classify
he various types of VT/VF onsets recorded in 2 ICD trials.
hey have added several new terms to the lexicon that are
ikely to endure. One challenge to the general adoption of
he formulations of Sweeney et al. (4) lies in the complexity
nd thoroughness of the analysis. The condensed version in
his editorial might serve to whet the appetite for the details
n the article by Sweeney et al. (4).
The role of S-L-S sequences is an interesting finding and
aises some thought-provoking questions.
T/VF onset and pacing. The S-L-S sequences were
nusual in “non-pacing associated” and “pacing-associated”
vents, whereas S-L-S sequences were the norm in “pacing
ermitted” and “pacing facilitated” events. The MVP mode
ften produces S-L-S sequences and yet had the lowest
ncidence of pacing facilitated VT/VF. Of the 1,356 VT/VF
pisodes, 356 (26%) were “pacing permitted” or “pacing
acilitated” (gleaned from their Table 2 and text). This is
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Editorial Comment August 14, 2007:623–5ctually a rather disturbingly high number. However, the
eader should keep in mind that the terminology is descrip-
ive; we do not know with certainty that the VT/VF was
aused by “pacing permitted” or “pacing facilitated” sequences.
orsade de pointes. Torsade de pointes typically begins
ith S-L-S sequences, but most of the episodes induced by
-L-S sequences seem to have been monomorphic VT.
trial fibrillation and S-L-S. Neither of the trials ex-
luded patients with atrial fibrillation. Patients with atrial
brillation have many S-L-S sequences that can induce
T/VF (7) but usually do not.
Figure 2 Pacing Associated and
Permitted Onset of VT/VF: All Modes
(A) Pacing-associated onset of VT/VF. Normal pacing occurs within 5 cycles of
the onset of the VT. Initially there is continuous VVI pacing. Ventricular tachy-
cardia begins without an S-L-S sequence. (B) Pacing permitted onset of VT/VF.
This time there is an S-L-S sequence not caused by pacing. In this example, a
VPD produces a short interval (S) followed by a pause (L) followed by VT after a
short (S) sequence. Other abbreviations as in Figure 1.
Figure 1 Symbols and Non-Pacing Associated
(A) Cast of characters. (B) Non-pacing associated ventricular tachycardia or
fibrillation (VT/VF) onset. The general scheme applies to all pacing modes.
Sudden onset of monomorphic VT (MMVT) following a ventricular premature
depolarization (VPD) (arrow), which has a different morphology from the ongo-
ing MMVT. Ventricular premature depolarizations with different morphology can
also occur. AP  atrial stimulus; S-L-S  short-long-short; VP  ventricular
stimulus.ther arrhythmias and pacing modes. The article by
weeney et al. (4) relates to VT/VF; however, similar
equences can be seen to induce supraventricular tachycardia
SVT) (Fig. 4). “Orthorhythmic” pacing (8) is a “preventive”
echnique that operates with algorithms that can produce
-L-S intervals as part of the preventive strategy. In
ontrast, “rate smoothing” pacer algorithms might be effec-
ive in preventing some S-L-S sequence-related VT/VF
pisodes (9).
The work of Sweeney et al. (4) will inspire many of us to
ethink and reconsider the whole topic of pacemaker pro-
rrhythmia. Good job!
Figure 3 Pacing-Facilitated S-L-S Sequence
Caused by or Related to Pacing: All Modes
(A) With VVI pacing, a VPD produced as a short pause (S) followed by a long
interval (L) that is interrupted by a pacing stimulus (arrow) that is followed by
a short interval and the onset of VT. (B) DDD pacing, in this case with A
sense-V pace. An atrial premature depolarization (arrow) produces an early
ventricular paced cycle (S) followed by a longer pause (L) broken by an A
sensed/V paced sequence, which initiates a short interval (S) and VT. (C) MVP
mode: a VPD (arrow) is not sensed because it occurs in the blanking period
after an A-paced event. The ensuing S-L-S sequence initiates VT. Other abbrevi-
ations as in Figure 1.
Figure 4 Pacing-Permitted Induction of
Supraventricular Tachycardia: All Modes
Ventricular pacing interrupted by conducted sinus or an atrial premature depo-
larization that initiates a short-long-short (S-L-S) sequence and supraventricular
tachycardia.
R
M
E
m
R
1
2
3
4
5
6
7
8
9
625JACC Vol. 50, No. 7, 2007 Fisher
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ontefiore.org.
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